Many anatomical factors in difficult intubation at direct laryngoscopy have been evaluated. Lateral radiographs were taken of nineteen patients in whom tracheal intubation proved particularly difficult, and fourteen patients whose intubation was reasonably straightforward.
subsequently specific examples of skeletal deformities and tumour, trauma, soft tissue scar contracture and trismus were added. 5 . 8 Such deformities may warn of impending difficulty at tracheal intubation.
White and Kander 9 showed that a reduced atlanto-occipital clearance was important, while Nichol and Zuck lo concluded that if the cervical spine bowed anteriorly when the head was extended, then difficulty was a possibility.
Mallampati et al., I 1. 12 
and Samsoon and
Young l3 showed that an enlarged tongue was associated with intubation difficulty.
Preoperative examination of every patient prior to laryngoscopy has been described.5.8.1I. 12 It includes an assessment of the range of extension of the cervical spine, the functional integrity of the temporomandibular joint, maximum mouth c. P. BELLHOUSE AND C. Do RE opening, and characteristics of dentition and tongue size. However, there is still a need for a reliable method to predict difficulty at intubation. 14, 15 An examination of anatomical factors in difficult direct laryngoscopy by two oto-rhinolaryngologists, White and Kander,9 was not wholly conclusive, but its method prompted this study. The purpose of this study was to determine from measurements on radiographs the most common predictors of difficult tracheal intubation, and relate these measurements to the degree bf difficulty experienced. Using these predictors, a practical method of bedside evaluation of intubation difficulty was derived.
PATIENTS AND METHODS
In this study, thirty-three patients who were anaesthetised over a seven-year period were grouped according to whether or not difficulty had been experienced at tracheal intubation. All intubations were performed using the Macintosh laryngoscope by one anaesthetist (CPB). Those in group 1 (14 patients) posed no difficulty at intubation. Those patients in group 2 (19 patients) caused considerable difficulty at laryngoscopy and intubation, such that the anaesthetist could only see the epiglottis (sometimes not even that) at laryngoscopy despite adequate relaxation and correct positioning.
Group 1 patients were Caucasians, ages ranging from 16 to 41 years, four males and ten females. None of these patients had arthritis in the cervical spine. Apart from requiring surgery they were otherwise unremarkable, the proportion of males being approximately representative of the proportion of males in my practice. Group 2 patients were Caucasian, age range 13 to 78 years, eight males and eleven females. Six of these patients had arthritis in the cervical spme.
As soon as possible after surgery, lateral radiographs of the head and neck were taken at a distance of two metres, firstly with the head erect and mouth closed, and then with the head fully extended on the neck, the mouth fully opened, and the tongue relaxed in a neutral position between protrusion and retraction. At X-ray examination all the patients were awake and ambulant.
Specific measurements were made and as all radiographs were taken at the same distance, the magnification factor was constant (X 7/6). The actual measurements on the radiographs were tabulated and thus the lengths (but not the angles and ratios) were one-sixth larger than actual.
The various distances that were measured are shown in Figures 1 and 2 and described in the legend. One patient was edentulous, and another patient had no lower teeth, both in group 2; here the relevant measurements were taken to the most anterior part of the lower and upper alveolar margins. The radiographs were measured in batches containing patients from both groups, and bias was avoided because the measurer was blind as to whether the radiograph belonged to a patient in group 1 or group 2. The spread in the results was such that little if any pattern was obvious prior to computer evaluation.
Because it was suspected some of the measurements would be more important, these were compared in ratio form to allow an appreciation of different shaped mouth anatomy between the difficult and straightforward patients (Table 1) .
At intubation, group 2 patients were assessed for the degree of difficulty. They were ranked subjectively according to how difficult intubation seemed at the time, relative to how difficult previous patients had been. Patients whose difficulty was inconsequential were deemed to be 'straightforward' patiel)ts and were allocated a zero score.
STA TISTICAL ANALYSIS
A stepwise discriminant analysis was performed between group 1 patients and group 2 patients. The best single discriminatory variable was selected; then the best pair of variables, that included the first, was determined and so on, until the addition of a further variable was not significant at the 1 % level. A separate classification function was derived for each group and patients were assigned to the group for which they had the larger value of the classification function. The two classification functions were combined to give a single discriminant function, whose positive or negative values indicated group membership.
Spearman's rank correlation coefficients were calculated in the difficult group relating various indices with the degree of difficulty (Table 1) .
RESULTS
For each of the twenty-two measurements and five ratios investigated, a t test was performed comparing the difficult group (n = 19) and the straightforward group (n = 14). There were significant differences (P < 0.05) for thirteen variables. The means, FIGURES I AND 2.-illustrate the measurements which were made which were as follows: V I. temporomandibular joint (TMJ) to tip of upper incisors; V2.length of the perpendicular from the hard palate to the tip of the upper incisors; V3, length ofline along the upper teeth to a perpendicular from the TMJ; V 4, length of the perpendicular to this line; VS, TMJ to tip of lower incisors; V6, lower border of mandible to alveolus immediately behind 3rd molar tooth (posterior depth of mandible); V7, anterior limit oflower border of mandible to top oflower incisors (anterior depth of mandible); V8, * opening of mouth (this replaces standard deviations and P values, correlation with degree of difficulty and P values from the correlation coefficient for all measurements and ratios are given in Table 1 .
Stepwise discriminant analysis to distinguish between the difficult and straightforward groups indicated that the best single discriminatory variable was head extension (V21) (P < 0.001). The best additional predictor was ratio of mandibular space to total length of tongue (ratio V 16/V 19) perpendicular from lower incisors to LOV (the line of vision [LOV] is the line joining the upper incisorteeth and the corniculate cartilage); V 16, * the length of the perpendicular from the lower genial tubercle of the mandible to the LOV; VI7,* the distance from the upper incisors to the corniculate cartilages; V 18,* the length of the perpendicular from the most posterior part of the tongue to the LO V: V I 9, * the antero-posterior thickness of the tongue and V20,* V21 * and V22* are the angles A, Band C of the triangle ABC. A is the most antero-inferior point of the upper central incisor tooth. C is the anteroinferior border of the body of the 6th cervical vertebra. B is the point of confluence of AB, the line along the occlusal surfaces of the maxillary teeth and CB, the line passing through the two points, C and the most anterior aspect of the body of the I st cervical vertebra. Measurements 8, 14, IS, 16, 17. 18, 19, 20, 21 and 22 were made on head extension; all other measurements were made with the head erect. Variables 8, and 14-22 inclusive (marked with an asterisk) were not measured in the earlier series.
(P = 0.001). The variable selection procedure was stopped at this stage. Other measures which differed significantly between the difficult and straightforward groups were: V22 (Angle C), V 16 (mandibular space), V20 (Angle A), VI0 (atlanto-occipital gap), VS (length of mandible), VIS (distance of lower incisor teeth in front of the line of vision. The line of vision, LOV, is the line drawn from the upper incisor teeth to the corniculate cartilage), and V 14 (angle of vision). Other ratios which were significantly different between groups were; V 16/V 18 (ratio of mandibular space to length of tongue behind LOV), V 19/V 18 (ratio of total tongue length to length of tongue behind LOV), V141 V 18 (ratio of angle of vision to length of tongue behind LOV). Many of these measures and ratios are closely related to one another.
No conclusion could be drawn regarding the part played by V9 (length of upper neck), in predicting intubation difficulty. Difficult patients tended to have longer upper necks than straightforward patients, but within the A negative value of this discriminant function indicates likely membership of the difficult group while a positive value indicates likely membership of the straightforward group.
By setting f = 0, the equation of the classification boundary line drawn in the graph is obtained (Figure 3) . The probability that a new case will be difficult to intubate (pd)can be estimated as pd= 1
For example, for a new patient with V21 = 113.5 and Ratio 16119 = 0.422 there is an estimated probability of 0.77 (or 77%) that this individual would be difficult to intubate.
DISCUSSION
Three patients were referred specifically because of previous difficult intubation. The prevalence of difficult intubation in this study, at 0.5%, is much less than the 1.5% and 13%12 in other series, presumably because of the more stringent criteria of this series, admitting only those patients with more severe degrees of difficulty. Others l6 quote multiple attempts being made to pass the endotracheal tube in 18% of patients, and necessity to change laryngoscopes 4% of the time.
The Macintosh laryngoscope has a total curve of almost 30 degrees and. can negotiate most tight oro-pharyngel corners.17 However, sometimes it cannot elevate the hyoid bone and hence the epiglottis, 18 especially when the latter is floppy. On the other hand, the straight-bladed laryngoscope, which elevates the epiglottis directly, sometimes cannot be adequately inserted. It then becomes impaled on the upper teeth and possibly on one of cervical vertebrae if a very tight corner cannot be traversed.
The combination of gastric regurgitation and difficulty at intubation is potentially lethal. The total mortality from hypoxia during difficult intubation, failed endotracheal intubation and Mendelson's syndrome, calculated from published figures, ranges from 6 19 through7 2o ,21 to 1222 per 10 million population. An annual estimated mortality of 600 deaths from these causes is obtained for the developed world alone, when the lowest values of 6 per 10 million 21 is applied to the 1000 million population. Calculation from one set of published figures 20 suggests these causes could account for 30% of deaths totally attributable to anaesthesia. Thus it is essential to predict when intubation might be difficult in a patient at risk of gastric regurgitation.
This study showed that despite the possibility of varying causes in the nineteen patients who were hard to intubate, difficulty was related to reduced head extension, reduced chin protrusion and increased tongue -When the atlanto-occipital joint can be weIl extended, the axes of mouth and trachea can be brought more nearly to approximation. Where this is maximaIly achieved, there will be less of the tongue obscuring a view of the larynx, and consequently less need for strenuous effort to displace the tongue forward (A) in contrast to (B) where there is little extension. estimated the probability of difficulty at 30% and 50% in two patients who were difficult; all the other group 2 patients were correctly predicted. All the group 1 patients were correctly predicted ( Figure 3 ). Attempts were made to improve the discriminant function by including further variables. However, when the next best variable V9, the length of the four upper cervical vertebrae, was added, the function still misclassified one of the difficult patients.
A B Here the tongue has to be pulled a long way forward and has to be compressed into a much smaller compartment. In this case we would reason intubation may be harder. By looking lateral to the central incisors (e.g. over the canine or premolar tooth), the anaesthetist can see further forward without any additional traction on the tongue. Often this improved view is occluded by the cheek, requiring retraction of the upper lip towards the eye.
When a method of clinical assessment based on the results of this study was used in 900 patients, no case of unexpected difficult intubation arose. When clinical evaluation suggests at least 50% likelihood of difficulty and there is no history of oesophageal reflux, then the Macintosh laryngoscope is tested. So far nine patients have been correctly predicted, and one edentulous patient falsely predicted as difficult with the Macintosh. The current personal preference is for an angulated laryngoscope 23 designed to facilitate difficult intubation, rather than the Macintosh. As the angulated laryngoscope was routinely used, no test was made of difficulty using the Macintosh among patients predicted at less than 50% likelihood. However, it is certain that from time to time, a patient will be extremely difficult or even impossible to intubate under direct vision with the Macintosh blade because of one or more obvious abnormalities, and yet be predicted by our model as having less that 5% chance of being hard to intubate. Such abnormalities as very poor mouth opening, very narrow palate, oro-pharyngeal tumour, neck scarring, trauma, post-surgical distortion or particularly prominent maxilla, though not common enough in our series to reach significance, could occasionally cause difficulty. Certainly there are many individual obvious causes of difficult laryngoscopy. We have attempted to devise a relatively simple rule which will alert anaesthetists to impending difficult tracheal intubation, where no single gross abnormality exists.
Of the classical signs of difficulty at intubation,4.5.S poor extension of the head on the neck (V21) and receding lower jaw (V 16) were confirmed as important predictors. The study also confirmed the finding that reduced atlanto-occipital distance (VIO), was more likely in difficult patients. 9 
. IO
A test previously mentioned, and described in different terms by Mallampati et al. 11.12 and by Samsoon and Young, 13 suggests that if the anaesthetist is able to see the uvula, then difficulty is unlikely. This test has a good basis, but as Samsoon and Young l3 suggest, head extension must also be considered.
Despite convential wisdom, there was conflicting evidence of a possible relationship Anaesthesia and Inlensi"e Care. Vol. 16 . No. 3. August. /988 between difficult intubation and length of the upper neck (V9): t test comparing groups 1 and 2 suggested a long neck was associated with difficulty. Yet paradoxically, within the difficult group the difficulty grade increased as the upper neck became shorter. This measure should be regarded at best as controversial until ,clarified.
Contrary to other proposals 4 . 9 this study found no consistent evidence of a relationship between difficulty and posterior (V6) or anterior (V7) depth of mandible, mouth opening (V8), or length of upper incisor teeth (V2). Patients with short upper necks (V9), were not necessarily hard to intubate. On the other hand, one patient in the difficult group was edentulous. If preoperative examination for possible intubation difficulty has fallen largely into disuse, it is possibly because too much has been asked of the classical signs.
Contrary to earlier suggestions 24 there was no significant correlation (P was > 0.1) between deep mandible (V6) and large tongue. Cormack's derived equation,25 which incorporates the posterior mandibular depth and the atlanto-occipital gap, correctly predicted ten out of nineteen group 2 and thirteen out of fourteen group 1 patients.
Practical Application
The predictors found in our study can be assessed at the bedside: 1. Failure to see the soft palate in the seated patient when the mouth is fully opened and the tongue protruded. 2. Failure to see the uvula under the conditions mentioned in 1. 3. Atlanto-occipital (AO) extension reduced by more than one-third. 4. Recessed chin, so that less than 2.5 cm lies in front of the line of vision. If 1. is present, or if2. and 3., or 2. and 4. are present, then the patient probably has a 20% chance or greater of being hard to intubate.
If these combinations are not evident and there is no other obvious impediment to intubation, then the patient will most likely be straightforward to intubate.
Thirty-five degrees of extension are possible at the normal AO joint. 5 Bedside evaluation of AO extension may be performed using the general principles outlined by the American Academy of Orthopedic Surgeons. 26 The zero Anaesthesia and Intensive Care. Vo/. 16. No. 3. August. 1988 starting position is attained by having the patient sit straight with head held erect and facing directly to the front. The patient then extends to AO joint, attempting to extend the remainder of the cervical spine as little as possible. The clinician estimates the angle traversed by the occlusal surfaces of the upper teeth ( Figure 6 ). For accuracy, a goniometer (an orthopaedic instrument comprising an articulated pair of rulers, calibrated to permit measurement of the angle between them at their point of junction and used for measuring joint motion) may be used. One arm of the goniometer is fixed securely by the patient's teeth, and the clinician reads the change in angle between this arm and the pendant arm. Any reduction in extension compared with the normal can be expressed as a fraction and graded ( Table 2 ). Most practitioners are likely to rapidly gain confidence in their ability to make a visual estimate and settle for the lesser accuracy provided by this more convenient method. The estimation referred to by Samsoon and Young l3 and by Mallampati et al. 11.12 as 'tongue size' seems to relate closer to ratio V 16/V 19 (ratio of anterior length of chin-to-tongue length). These clinical estimates of AO extension and ratio of mandibular space-to-tongue length can be applied in the appropriate horizontal and vertical columns of a table (e.g. Table 3 ). (This table has been prepared empirically from undocumented experiences with 900 patients and has not been subjected to statistical or any other evaluation. Moreover, observer error will be variable and in some cases could be considerable, and some anaesthetists may prefer to construct tables to reflect their own individual experiences.) Then the Figure 3 ) used to predict likelihood that a new patient will be hard to intubate with the Macintosh laryngoscope. Samsoon and Young i3 described different classes oj'tongue size' according to the struclllres seen when the seated observer inspects the illuminated pharynx of a seated patient protruding his tongue maximally from a widely opened mouth and with his head in a neutral position. (For practical purposes, their classification has been taken as a way to make a clinical estimate of ratio VI6IVJ9.) The classification is asfollows: class 1, soft palate, fauces, uvula, pillars seen; class 2, soft palate, fauces, uvula seen; class 3 thyroid cartilage (corresponding to ~he approximate position of the corniculate cartilage). The perpendicular distance of the mandibular genial tubercle in front of this can be estimated (Figure 7) . Where there is a regurgitation risk, the anaesthetist must attach much more weight to the possibility of difficult intubation. He should make the usual preparations for possible gastric regurgitation 27 . 28 • If clinical examination suggests a 5% possibility of difficult intubation, then he should marsh all additional skills and equipment. For example he should also have an understanding of failed intubation drills 29 and blind intubation drills 24 . 30 , and have available suitable instruments including Oxford tubes, introducers, bougies, and a range of laryngoscopes he can use.
Otherwise, when presented with a patient not at risk of reguritation, but estimated to have a 20% chance of difficulty at intubation, the anaesthetist should prepare for a difficult intubation.
In conclusion, radiological assessment of certain cervical and facial parameters has shown that the likelihood of experiencing intubation difficulty in a new patient can be predicted.
By assessing the magnitude of atlantooccipital extension, chin protrusion and tongue size in every patient, the clinician can Anaesthesia and Intensil'e Care, Vol. 16 . No. J. August. 1988 improve his bedside predictions of whether a patient will be hard to intubate.
